Yeast topoisomerase II is inhibited by etoposide after hydrolyzing the first ATP and before releasing the second ADP.
Topoisomerase II-catalyzed DNA transport requires coordination between two distinct reactions: ATP hydrolysis and DNA cleavage/religation. To further understand how these reactions are coupled, inhibition by the clinically used anticancer drug etoposide was studied. The IC(50) for perturbing the DNA cleavage/religation equilibrium is nucleotide-dependent; its value is 6 microM in the presence of ATP, 25 microM in the presence of a nonhydrolyzable ATP analog, and 45 microM in the presence of ADP or no nucleotide. This inhibition was further characterized using steady-state and pre-steady-state ATPase and decatenation assays. Etoposide is a hyperbolic noncompetitive inhibitor of the ATPase activity with a K(i)(app) of 5.6 microM no inhibition of ATP hydrolysis is seen in the absence of DNA cleavage. In order to determine which steps of the ATPase mechanism etoposide inhibits, pre-steady-state analysis was performed. These results showed that etoposide does not reduce the rate of binding two ATP, hydrolyzing the first ATP, or releasing the second ADP. Inhibition is therefore associated with the first product release step or hydrolysis of the second ATP, suggesting that DNA religation normally occurs at one of these two steps. Multiple turnover decatenation is inhibited when etoposide is present; however, single turnover decatenation occurs normally. The implications of these results are discussed in terms of their contribution to our current model for the topoisomerase II mechanism.